In this letter we propose a model that demonstrates the effect of free surface on the lattice resistance experienced by a moving dislocation in nanodimensional systems. This effect manifests in an enhanced velocity of dislocation due to the proximity of the dislocation line to the surface.
model considers the fact that the potential of an atom in a lattice depends on the atomic configuration of the whole lattice. As a result, a change in the lattice resistance is expected if free surfaces are introduced. On the contrary, other primary drag mechanisms like phonon and electron drags [12, 13, 14] on the moving dislocations are expected to be less sensitive to the presence of the dislocation core in the vicinity of a free surface. Thus, in our model, the net drag force can be split into two components, one of which is strongly influenced by the presence of a dislocation core near a free surface while the other is not. The overall drag coefficient B and the dislocation velocity v are related as [13] ,
where τ is the applied shear load, b is the magnitude of the Burgers vector, t is the time elapsed after the dislocation starts moving and m * is the effective mass per unit length of the dislocation line [12] . The expected change in the drag coefficient B due to the introduction of the free surfaces leads to the prediction of an altered terminal velocity of dislocation,
The movement of a dislocation due to the applied force per unit length of the dislocation line (τ b), changes the displacement field felt by the atoms in the lattice. This is resisted by an equal and opposite drag force experienced by the dislocation when it attains its terminal velocity. In the model, we assume that the resistance to any change in the displacement field of an atom due to its interaction with other atoms of the lattice, contributes to the drag force due to the lattice resistance. Cumulative contributions from all the lattice atoms give the overall lattice resistance. Nevertheless, each atom undergoes a different change in the displacement field, and hence should contribute differently to this drag force. Thus, there is need for a contribution function that can express the role of the atoms in determining the net lattice resistance. In order to investigate the surface effects at the nanoscale, a thin film is an ideal system as it provides infinitely large free surfaces with confinement along its thickness.
Consider a dislocation moving with the terminal velocity v 0 along the positive x direction in a thin film bounded by the top and bottom surfaces in the y direction. 
where r c ij is the position vector of A ij in the perfect crystal and u ij (t, r c ij ) is the corresponding displacement of the atom in the presence of the dislocation at time t. In a small time interval δt, the dislocation line proceeds by a distance δx = v 0 δt (refer Fig. 1(b) ). The net force due to the lattice resistance is given by
where φ ij denotes the contribution of the atom A ij to the lattice resistance. We assume a simple proportionality relation between φ ij and the change in the position vector of A ij in time δt as
where κ is the proportionality constant for a given loading condition. In terms of δt as the unit of time,
where
A different value of the drag coefficient B A typical simulation starts with a virtual freestanding thin film of single crystal bcc molybdenum created using the Finnis-Sinclair potential [15] . The simulation cell is shown in Fig. 2 with its x, y and z axes along <111>, <101>, and <121> directions respectively.
The crystal dimensions along the x and z Cartesian directions are 10.76 nm and 3.85 nm respectively, whereas the y dimension representing the film thickness is varied to study the surface and size effects. An edge dislocation is introduced at the centre of the film with dislocation line along the z axis and Burgers vector a<111>/2 along the x direction where the lattice constant a=0.31472 nm. Periodic boundary conditions are imposed on all the three directions, however, the boundaries are sufficiently extended along the y direction so that free top and bottom surfaces can be created and interactions among the periodic image films can be eliminated. The dislocation core is identified by specifying a centrosymmetric deviation parameter window [16] Fig. 3(b) ).
The results obtained from the MD simulations establish the effects of surface and size on the velocities of dislocations in thin films. These results have been used as a tool to separate out the contribution of lattice resistance from the overall drag. Equation (5) 
where the value of the Poisson's ratio ν is 0.3 [19] . Dislocation velocity at applied shear stress τ and temperature T is empirically given as v ∼ τ m exp(−Q/kT ) where m is the stress exponent [13, 20] . However, with rise in stress and temperature, the phonon drag becomes the predominant mechanism governing the dynamics of dislocations [21] . Since this phonon drag primarily constitutes B ′ , the size effect on the velocity of dislocation should diminish at higher temperatures and applied stresses. 
